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Pollinator cultivar choice: An
assessment of season-long
pollinator visitation among
coreopsis, aster, and salvia
cultivars
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!Department of Entomology, College of Agricultural and Environmental Sciences, University of
Georgia, Griffin, GA, United States, 2Department of Horticulture, College of Agricultural and
Environmental Sciences, University of Georgia, Griffin, GA, United States

Documented pollinator declines have encouraged the installation of pollinator
plantings in residential, commercial and agricultural settings. Pollinator
visitation among cultivars of coreopsis, salvia and asters was compared on 40
datesin a 2-year study resulting in 6,911 pollinator observations across all plant
taxa with bees, butterflies and syrphids well-represented. Diversity of insect
visitors was represented differently within the broad plant taxa salvia, coreopsis
and asters. The most frequent visitors to coreopsis were the small bees with
over 77% of visitors falling into this category. Salvia was most frequently visited
by honey bees (36.4%) and carpenter bees (24%), although all the groups were
represented. Syrphids were the group most commonly observed on asters
(58.5%) with nearly 40% of the visitors being bee species. Nectar analysis was
performed on salvia cultivars. However, differential attraction of pollinators to
salvia cultivars could not be explained by volume of nectar produced per plant.
Results from our cultivar comparisons provide data-based information to assist
consumers in plant choice and present opportunities for future plant-specific
pollinator census initiatives across a broader geographic range.

KEYWORDS

biodiversity conservation, ecosystem services, bees, perennials, cultivar choice,
ornamentals, pollinators

Introduction

Attracting beneficial arthropods to garden and landscape areas can increase insect
biodiversity, promote arthropod-mediated ecosystem services, and overall ecological
health (Haussler et al.,, 2017). Documented pollinator declines have encouraged the
installation of pollinator plantings in residential, commercial and agricultural settings.
An analysis of wild bee population dynamics over time (Turley et al., 2022) found that
about one third of bee species showed at least some evidence of decline in a 6-year span.
Prendergast et al. (2022) conducted a comprehensive review of native bee assemblages in
urban landscapes, reviewing 215 studies. Recommendations from their review included
having plant managers (gardeners, homeowners, nurseries and landscape managers)
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TABLE 1 Bee species collected in 2017 and 2018, from ornamental cultivar trials in the University of Georgia Research and Education Garden
(Spalding Co., GA; 33°24'67"N, 84°26'40"W).

Species Asters Salvia Coreopsis Total Months collected

Andrenidae

Calliopsis andreniformis Smith, 1853 5 26 0 31 Aug-Sep

Halictidae

Agapostemon virescens (Fabricius, 1775) 0 1 0 1 Aug

Augochlora pura (Say, 1837) 2 0 0 2 Oct

Halictus ligatus/poeyi Say, 1837 63 18 28 109 Jun-Oct

Lasioglossum spp. 18 38 15 71 May-Oct

Megachilidae

Megachile exilis Cresson, 1872 0 2 0 2 May, Jun

Megachile mendica Cresson, 1878 0 3 0 3 Jun, Aug

Megachile petulans Cresson, 1878 0 1 0 1 Jun

Megachile rotundata (Fabricius, 1787) 1 0 0 1 Oct

Apidae

Ceratina calcarata Robertson, 1900 0 0 1 1 Jul

Ceratina cockerelli H. S. Smith, 1907 0 3 6 9 Jun-Sep

Ceratina strenua Smith, 1879 0 1 6 7 Jul, Jun

Xylocopa micans Lepeletier, 1841 0 1 0 1 Jul

Xylocopa virginica (Linnaeus, 1771) 0 7 0 7 Jun-Aug

Bombus bimaculatus 0 8 0 8 May, Jun, Aug

Bombus griseocollis 0 2 0 2 Jun, Jul

Bombus impatiens Cresson, 1863 7 10 0 17 May-Oct

Bombus pensylvanicus DeGeer, 1773 0 23 0 23 May-Sep

Holcopasites calliopsidis (Linsley, 1943) 0 2 5 7 May-Jul

Apis mellifera Linnaeus, 1758 0 2 0 2 Jun

Melissodes tepaneca Cresson, 1878 0 1 0 1 Jul

Melissodes dentiventris Smith, 1854 2 5 0 7 May-Jul, Sep, Oct

Melissodes druriellus Kirby, 1802 10 2 0 12 Jun, Jul, Oct

focus on flowers that have been demonstrated to be visited by native plant species and cultivars will become available in the

wild bees in the region, especially native species. ornamental plant trade that have been bred specifically to attract
Regionally appropriate plant lists of trees, shrubs and flowers and support pollinators. Currently there are a great many

that attract and support pollinators are good resources to consult ornamental plant cultivars available on the market, yet there is

for landscape design or renovation (e.g., Harris et al., 20165 little empirical information available to guide consumer choice

Braman et al., 2017; Braman and Quick, 2018; Mach and Potter, regarding attractiveness to pollinators (Garbuzov and Ratnieks,

2018; Smitley et al, 2019). Non-native, non-Apis bees were 2014; Rollings and Goulson, 2019). Here we present data on the

determined to be significantly more abundant visitors to non- attractiveness of 19 cultivars of salvia, coreopsis and asters.

native vs. native plants, especially Osmia taurus Smith and

Megachile sculpturalis (Smith) (Potter and Mach, 2022). Those

offers suggested that planting of favored non-native hosts could Materials and methods

have the unintended consequence of facilitating the spread

of non-native, non-Apis bees in urban areas. As improved Plants and trial plots

propagation methods facilitate breeding and production (Lewis

et al., 2020) and our understanding of the influence of cultivars This study was conducted at the University of Georgia
vs. species increases (Poythress and Affolter, 2018), more Research and Education Garden on the UGA Griffin Campus
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FIGURE 1
Flower visitors observed on coreopsis: (A) Apis mellifera, (B)
Ceratina sp., (C) Holcopasites sp., and (D) Halictus sp.

FIGURE 3
Flower visitors observed on aster: (A) Melissodes sp., (B) Svastra
sp., and (C) Syrphidae, (D) Syrphidae.

FIGURE 2
Flower visitors observed on salvia: (A) Xylocopa sp., (B)
Melissodes sp., (C) Pieridae, and (D) Papilionidae.

(Spalding Co.; 33°24°67”N, 84°26’40”W). Cultivar trial plots
were established during fall 2016. Salvia, coreopsis, and
aster cultivars were each established in their own separate
plots within the 24.3-hectare Research Garden. Plants were
chosen to reflect new series and standards in the horticulture

industry and commercial availability. Salvia cultivars included
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in this study were Salvia greggii “Radio Red”, Salvia guaranitica
“Black and Blue”, Salvia microphylla x greggii “Heat Wave
Blast”, “Heat Wave Blaze”, “Heat Wave Glitter”, “Heat Wave
Sparkle” and Salvia nemorosa “Steel Blue”. Coreopsis cultivars
were Coreopsis lanceolata hybrid “Desert Coral”, a hybrid cross
of Coreopsis auriculata “Zamfir” (female parent) and Coreopsis
lanceolata “Early Sunrise” (male parent) “Jethro Tull”, Coreopsis
verticillata Sizzle and Spice? series “Hot Paprika”, Coreopsis
Solanna? “Golden Sphere” and Coreopsis verticillata “Sylvester”.
Aster cultivars were Ampelaster carolinianus “Climbing Aster”,
Symphyotrichum grandiflorum “Wild Blue”, Symphyotrichum
ericoides “Heath Aster”, Aster oblongifolius “Jane Bath”, Aster
oblongifolius “Rachel Jackson”, Aster tataricus “Jindai” and
Symphyotrichum novae-angliae “English Countryside”. Plants
were provided by regional plant nurseries as trade-gallon size
transplants and were planted on 0.9 m centers. There were three
plants per replication and six to eight replications per cultivar
(six asters, seven coreopsis and eight salvia replications x three
plants per replication) planted in a randomized complete block
design. Blocks were 4.6 m apart. Plots= blocks were mulched
with pine bark and drip irrigated with water being applied at first
sign of wilt.

Insect observations

Insect observations began at first flowering and were made
weekly during the flowering period for 2 years. Observations
were made between 1,000 and 1,400 h unless rain or high wind
impeded observations. While some pollinators are active before
and after this window, it is a standard period for assessment

frontiersin.org
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FIGURE 4
Relative abundance of insects in six main groups (legend moves clockwise in each figure) recorded over 2 years at the University of Georgia
Research and Education Garden on asters, salvia and coreopsis. More detailed taxonomic breakdowns of bee species are given in Table 1.

when flower visitation is most frequent. All plants that had
reached anthesis were observed on the same day. Number of
insect visitors during a 1-min time span per replication was
recorded in six categories: honey bees (Apis mellifera), bumble
bees (Bombus spp.), carpenter bees (Xylocopa sp.), small (all
other) bees (Hymenoptera), hoverflies (Diptera: Syrphidae) and
butterflies (Lepidoptera). Visual observations were recorded on
14 dates for asters in September and October over 2 years,
25 dates for coreopsis from May-August, and 40 dates for
salvia from April-October spanning 2 year’s growing seasons.
Additional hand netting approximately monthly allowed finer
taxonomic resolution of some bees visiting the plants. Bees
were mounted and identified to the lowest possible taxonomic
resolution (Table 1) using a combination of print and online
keys (Mitchell, 1960; Bouseman and LaBerge, 1978; http://www.

discoverlife.org; Ascher, 2017).
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Salvia nectar analysis

In mid-June 2017, five of the salvias were subjected to nectar
sampling. Salvia nemorosa “Steel Blue” was excluded because by
that time, it had passed peak anthesis. For comparison purpose,
an additional cultivar, Salvia microphylla x greggii “Hot Lips” in
nearby demonstration gardens was also included in the analysis.
Nectar was allowed to accumulate for 24h in flowers from
which insects were excluded by means of fine netting (organza
bags placed over five flower spikes per plant). A hand-held
refractometer was used to measure sugar content as degrees Brix
(°Bx, grams of sugar in 100 g solution). Following methodology
by Hicks et al. (2016) microcapillary tubes (5 jLL) were used to
remove nectar, with individual flowers yielding 2-3 L of fluid.
The refractometer was rinsed with deionized water and dried
after each sample. The number of open flowers was counted

frontiersin.org
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comparison among coreopsis cultivars in a 2-year study in comparison among aster cultivars in a 2-year study in central
central Georgia, USA. The superscript alphabets means with the Georgia, USA. The superscript alphabets means with the same
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and recorded for each plant and total sugar content per plant
calculated as a product of sugar and number of flowers.

Data analysis

Visual observations of insect visitors to the cultivars were
analyzed for each main plant taxon. The data were analyzed
using a generalized linear mixed model (PROC GLIMMIX,
SAS Institute Inc., 2013). Differences in least square means
0.05) as the
multiple comparisons post-hoc test to determine significant

were determined by pairwise t-tests (alpha =

differences between levels of all factors. Data from coreopsis,
salvia and asters were analyzed separately, and no direct
comparison among these main taxa was attempted. Data analysis
on salvia flower nectar and number of flowers was performed
using ANOVA with mean separation through Tukey’s Honestly
Significant Difference Test.
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Results

Insect observations

Data collected during this two-year study comprised
6,911 pollinator observations across all plant taxa with bees,
butterflies and syrphids well-represented (Figures 1-3). Relative
abundance of insect taxa across all plant taxa and both years
(Figure 4) revealed 62% bees, 4.2 % butterflies, and 33.8% hover
flies. Among the bees, 21.7% were honey bees, 7.6% were bumble
bees, 9.3% carpenter bees and 23.5% other or small bees. This
diversity of insect visitors was represented differently within
the broad plant taxa salvia, coreopsis and asters (Figure 4). The
most frequent visitors to coreopsis were the small bees with
over 77% of visitors falling into this category. Salvia was most
frequently visited by honey bees (36.4%) and carpenter bees
(24%), although all the groups were represented. Syrphids were
the group most commonly observed on asters (58.5%) with
nearly 40% of the visitors being bee species.

frontiersin.org
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Of the 325 individual bees collected for greater taxonomic
resolution, 23 bee species representing four families and 12
genera were collected between February and October from the
aster, salvia, and coreopsis flower cultivars and plots (Table 1).
Six species were collected from coreopsis cultivars, 20 species
from salvia cultivars and eight species from asters. Additional
species collected during preliminary sampling in the plot area
prior to regular sampling included Svastra obliqua (Say) on
asters, Lasioglossum (Dialictus) imitatum (Smith) on asters and
coreopsis, Lasioglossum (Dialictus) mitchelli Gibbs on Coreopsis
and Colletes americanus Cresson on asters.

Relative abundance of the six insect groups evaluated varied
significantly among cultivars within plant taxa (Figures 5-7).
“Hot Paprika” coreopsis was the most frequently visited cultivar
by bees and by total flower visitors (P < 0.0001; Figure 5)
although all cultivars were visited by the insects of interest.
Total bees and total flower visitors were most often and equally
observed on “Jane Bath” and “Rachel Jackson” asters among the
cultivars evaluated (P < 0.0001; Figure 6). Total bees and total
flower visitors were most frequently observed on the Heat Wave
series cultivar “Blaze” salvia (P < 0.0001; Figure 7), with “Glitter”
being visited least often by total flower visitors.

While the above-mentioned cultivars were the most or least-
frequently visited across the trial period, expected seasonal
variation did occur. All salvia cultivars, for example, were
visited by pollinators during the course of the 2-year study,
with frequency of visitation by cultivar not surprisingly also
varying by date (P < 0.0001; Figure 8). Cultivar “Steel Blue”, for
example, was often most frequently visited earlier in the season,
corresponding with bloom. “Blaze”, the overall most frequently
visited cultivar, was more often visited as the season progressed
compared to early visitation observed on “Steel Blue”.

Salvia nectar analysis

Nectar sugar content in salvias ranged from 22.9 to 30.4°Bx,
and did not differ statistically among the six cultivars (P > 0.05;
Figure 9). Number of open flowers ranged from 10 to 39, and
was highest in S. “Radio Red”, and lowest in S. “Hot Lips”.
When total amount of nectar (product of number of flowers
and Bx) was calculated, S. “Hot Lips” had the lowest value,
while S. “Radio Red” had the highest (data not shown). Yet,
S. “Blaze] which had the highest number of flower visitors,
did not differ significantly from either cultivar with respect
to total amount of nectar. Therefore, the higher attraction of
pollinators to S. “Blaze” could not be explained by volume of
nectar produced per plant. Flower tube length has been shown
to be important in impacting the type of pollinators; nectaries at
the bottom of longer corolla typically can be accessed by insects
with longer tongues (e.g., long-tongued bees and lepidopterans).
The corolla width is also important as wider corollas allow access
of smaller bees which crawl inside to reach the nectaries. In
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FIGURE 7

Mean =+ se total bees and total flower visitors (pollinators)
comparison among salvia cultivars in a 2-year study in central
Georgia, USA. The superscript alphabets means with the same
letters are not significantly different, p > 0.05.

our study, flower number did vary significantly among salvia
cultivars, with “Radio Red” having the highest number, and
“Hot Lips” the lowest number. While “Blaze” had the highest
number of visitors, it did not differ significantly from either
of these cultivars in terms of total nectar volume it produced.
The number of flowers were not significantly different between
“Blaze” and “Radio Red”. Based on our findings, flower number
could not explain the different number of pollinators observed
on the salvia cultivars.

Discussion

These data show that there is a wide variety of options
among cultivars of salvia, coreopsis, and asters for garden
design that will attract a diverse community of pollinators and
meet the goal of making pollinator-friendly spaces. The plant
taxa selected, while representing a small faction available to
consumers (limited by our space and funding), are known to
attract pollinators. Yet, there was considerable variation in the
visitation rates by pollinators among the cultivars. This variation
could be attributed to a variety of sources. Previous studies have
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Mean =+ se total flower visitors (pollinators) comparison among salvia cultivars by date in a 2-year study in central Georgia, USA.

demonstrated that floral abundance and nectar quality positively
affect insect visitation (e.g., Fowler et al., 2016). However, these
results do not support this relationship as the higher attraction
of pollinators to S. “Blaze” could not be explained by the volume
of nectar produced per plant. Other site-specific variables could
account for this variation.

Other sources of variation we observed over the 2 years is
believed to be (at least in part) due to natural seasonal or annual
variation in insect populations. Insects, especially bees and
hoverflies can be attracted in large numbers with a demonstrated
season-long difference in distribution among the plant taxa
studied here. While it is common to consider how variation in
location, soil type, or other microclimatic conditions could affect
localized response of pollinator plant choice, previous related
studies (e.g., Garbuzov and Ratnieks, 2014) show that results
can apply generally to a wider area and are not necessarily year-
or location-specific. Most insect species or groups we recorded
are commonly observed, so they would be present in almost any
area, but not necessarily in the same proportions. This further
supports the generalizability of our findings.

In other pollinator-related studies, data collection methods
are commonly considered for how they affect external
application of the results (Packer and Darla-West, 2021).
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Methods for recording visual observations of pollinator
visitation used in this study lend themselves well and have
been used in citizen science initiatives to promote awareness,
increase pollinator spaces, and gather useful data via “the Great
Georgia Pollinator Census,” now in its fourth year (Griffin and
Braman, 2018, 2021; Griffin et al., 2021, 2022). Observation
and recording of broad taxonomic categories loses taxonomic
resolution, but provides opportunity for citizen engagement by
large numbers of samplers/observers who can be trained to
recognize the broader taxonomic categories. One important goal
of the census is to promote the creation of sustainable pollinator
habitat. The maps shown on the Pollinator Census website
https://ggapc.org/census-data-2/ show the 1,861 gardens across
Georgia created as a result of the project by year. Clearly, there
is increasing interest in planting for pollinators (Braman and
Griffin, 2022). A recent study (Janvier et al.,, 2022) reported
results from pan trap sampling 50 residential sites in and around
Athens, Clarke Co., GA and documented 110 species of bees
occurring in these urban and peri urban habitats. Twenty-
two of the bee species collected directly from flowers reported
in the present study were also represented in Janvier et al.,
thus further demonstrating the similarity and reliability of our
collection methods.

frontiersin.org
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Salvia nectar sugar content, number of flowers and total nectar per plant for six salvia cultivars measured in mid-June 2017. Bars that share the
same letters are not significantly different at P < 0.05 level.

Conclusion

Results from our cultivar comparisons in the present project
provide additional data-based information to assist consumers
in plant choice. While specific recommendations are limited, as
these results are not the result of exhaustive comparisons, we
can identify some target cultivars to consider for future study.

Frontiersin Sustainable Cities 08

Furthermore, our findings support more detailed assessment of
floral characteristics that may determine pollinator preference to
floral cultivars and species. As pollinator communities continue
to suffer declines, and the need for providing floral resources
increases across many urban areas, we advocate for future
plant-specific pollinator census initiatives across a broader
geographic range.
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